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. HAPTENILC f'ROPER'I’LES OF PARALYTIC. SHELLFISH POISON
I. Introduction

Parély:ic shellfish poison, which 1is produced by GOnyauiﬁx
catenella apd may be isolated from toxic mussels or clams, is one
of thetméat<poi§§nous“substancea known to maﬂ. Its iatermittent
§c¢urrence in shellfith growing areas along the P&cifid and North ”
Atlantic Coasts presents a .difficult probiem of detection and con--
-trol -to the public health agendies of the States involved;(l). The”
fact that there is no effective medical treatment for par#lyticit
shellfish polsoning makes it a"pafticulafly ﬁazatdoua materiai to -
handle in the 1aboratoty ér"eiaeﬁhere. Studies along biochemical
and immumological lines have,~théréfore, been un@értak@n ifi the hope
of contribntihg to the aoiutién‘of.thesé;problqu.‘"'H -

"Purpose and Scope

The purpose of .this project is (a) to determine  the feasibility f

of joining the toxin of’ Gonyaulax catenella with other molecules to

produce one or more conjugates having immunogenic proPerties, (b) to
develop a specific micro-assay method for paralytic shellfish poison
basad on immunological reactions, and (¢) to lay the ground work for
immunization of humans against the poison.

1t is clear from the objeétivee of this project that the research
to be Qndertakén has two distinct, but interrelated, phases. One 1s

concerned primarily with thée chemistry of the poison and preparation

of the antigen, while the other s concerned with the immunologicdl




problems associated with the production of antibodies, demonstration of

their presence, and evaluation of the haptenlo properties of paralytic

shellflsh.poison.

S JB0u

ALthough"paralytic shellfish poisori has been isolated in an essen-

tially pure form (2), its structural formula is unknown . Qu&nticdcive”

mmeasurement of the poison currently 1s made either by a bio-assay pro-

cedure (3). or a chemical procedure (4) In neither case, however, are
the methods encirely specifin for the poison.-i
| The purified naLural poison is generally regarded as’ non-antigenic

beoeuse uf 1ts rela:ively low. molecular weight and ‘the failure of exper-

imental animals to become. solidly immune afcer repeated exposure to non- o
u-“_fatal dosea (5) Soma unpublishad evidence of increased resistance in

?_f;rets has been obtained in this laboratory, but the biological mechanism -

has not been detersnined . \k"

The empirical formula for paralytic shellfish poison ¥} 010H17N704' _-7
ZHCl (6). Available evidence 1ndioates that the molecule is heteto-

cyclic and containa an imino ni rugen group ( c = NH) whioh ie 1nvolved_-

in tautomerism. Tha poison moleculd resembles ureatinine in many of

its chemical reactiona. It ‘does not abaorb 1ight in the ultraviolac

regioﬂ, howeve:, af;er oxidation under neutral_or basic conditions, itv*

‘ ohowa two absorption maxima in this_reQioh(?),‘

II. Experimental
On the basis of the foregoing inforﬁation, preliminary investigations

were begun to develop basic methods and to orient the research staff to

e




“miero rechniq'ue‘a - Maptations were mada af ‘the_ Curtius 'i‘iﬁéfiéﬁ'-‘_, Ll

any technical difficulties which might be involwed, Ror purposes of
clarity the chemical and immunolpgftai studies are presented separately,

Chemical Studies Related to the Praparation of Antigzena

Prior to undertaking any structural modifications 6f the poison

,mclecule, preliminary atudies were undermaken to learn someching of
_the chemxcal reactivity ‘of the niLrogen groups present. Conducto-
matrie rfrrarinnn conta{ning 1 milligram of che poigon’ dihyﬂgochlortde

were made with sodium hydroxide and methyl iodide. Although titra-H

tions of model compounds, such as pyridine and creatinine, with hydro-

' chloric acid followed by back titration with sodium hydroxide, were

found to conform with the cheorv, the results obtained on the titra—,

’tion of the- poison were uninterpretahle. In view of the Iimited
"'supply 0f poison, fo further éxperimnntal wark wag undnrtiken at"*"W”fw>

this time,

Studies wers carried out on the diai&fiihcioh'ﬁhd coupling of

known aliphatic compounds using five to ten milligram quantities of — —°

_reactadis in 6rder to gdin proficiency in the use 9£ m£cro an3‘pom1r

'«

which\%s used to prepnra aliphdtic dlazo compoundl (8).' Sodium

‘bromide was Added ‘because it has ‘been observed £o catalyse dii:ﬁ-A LT

tization and prevent ae1£~coup11ng (9) ., Evidence of l.relction be=
tween1the poison and nitrous acid was given by d’chAﬂge in the re-
action mixture from colorless to bright yellow, with the retention

of color even after the rémoval of éxcess nitrite fon by the addition

of sulfamic acid and also by the subsequant coupltng.of the reaction




product wlth p-napthol (tradlti?nal diazocbupling reageﬁtj under basic
conditions. Tﬁe latter reaction appears to be very sensitive, wlth a
discerniblae pldk color belug vbiained in the presénce‘of microgram’
quéhtitieé.af the diazo;izéd pioduct.,.ln vieﬁ»oﬁ the ﬁ;ed forla method
co'follow tge diazotiziﬁlon aﬁd codpllng reactions of paralytic nhellf
fish poison, studies dre underway to quantitate tﬁls”eélbr reaé:ionl
Although the following experimental work has not been confirmad
:he impllcations 6f the observation make 1t worthwhlle to relate
'briefly.' When diazotized paralytic shellfish poison was reacted with

244 dinitrqphenylhydrazine teagqnt “an orange precipitate was formed

i (ﬁoﬂlexcéss féégenc) which.was'pfesumed to be A“hydrazine.of the ‘diazo-

tized poieon.- If this be’cﬁe-é&se; it would sppeat’ that the présenéa
of the dilzo-groqp on’ the poiaon malecule gives it an 1ntdrnu1 ‘t‘"__t,
bility not norﬁ;llf p:esent since psralytic shellfish poison does

hbt normally rEact with 244 dlnitroﬁhenylhydrazine.

In order to gec the immunological scudiea underway, an attempt

Ari was made to prepara 8 paralytic shellflsh poiaon-protein ”antiged " E
After using the above procedure for prepariﬁg the dinnotized poilon,“
and Tamoving the éxcéi"ﬂitrtta lon by the addltion of uulfamie neid,~
i;_was then glven an apportunity to couple with avalbumln by mixing
at pH-7, Althongﬁ no methods were svailable to judge the aeirhg'bf' -
céﬁpllng, thls matérlal was uded as the first antigéﬁ_praplratioﬂ lh :

imminological studies diséussea below,

Tuakinologlcal Studies Related to Determining the Antigenicity of

Shellfish Poison Complexes
Prior to working with the first poiason conjugate provided by"

=l -




the chemiaﬁry laboratory, tests were made with a known haptenic'nystem.‘
The antigen consiscegvof diazotized histamine coupled to -horse seru;y
which is available commercially under the-t?ade name, "Hapamine "

Two groups of tﬁo iabbiﬁs aach werekiﬁmunized One group re=

¢eived intrnparitoneal injaccidna of £u11 atrangch antisen, and’ the

sacond group receivad 1ntravenaus 1njections (1a:era1 ear vain) of a

1-10 dilu:io1 of antigén in salina. Inicial 1njectiona consis:ed of -

0. 1 ‘ml doaes followad by inereasad volumus giveﬂ at two-dose 1ntexvnls
over a 10-day period. The final injection conaisted of 1 ml, The .

animals wére bled by cnrdiac puncture 7 days following the final 1n-

jection.' The sers wnre cellaéted and - tiﬁratéd for antibody aonteﬁt..{.
L The sara were teu:ed for- nncihapnmine pracipitina by nixing a |

constant volume of aaah sérum with varying conuentrat1an: Uf iﬂtigén ;j’

and obaerving for p-ecipitlta.. The citnrl of the a tl wara found to

) be in excass of 1 4000 ind "equivalencn zanal" occur ed in the 1’2°°If 

to 1:300-dilations. — — - e
?ye haptenlc praperty of hiatnmina wll dcmonscratcd by amploying .   "
"haﬁiana inhtbiuton tunt” in which excunn hiltamine alune 1- miiid :
vith nncihapamin! -garum and alluwed to.react, Hintnnine llturltll .

the lntihlplmine molacule during thil initill rcnction in uuch a

way that the antihapamine serum ts not capable of giving a prlcipttin

reaction when Hapamine 1nv1atar added to the system, Thq inhibition

by histamine of the reaction between the anamine-antihapamine system,

~ dascribed above, gave évidence for the haptenic nature of histamine.

After completion of the Hapamine studies, a similar experiment

‘was undertaken using the shellfish toxin-protein antigen described in

“5e




the previous section. This.preparation contained 2.55 miiligrama of
ovalbumin per milliliter  and diuzotized paralytic ghellfish poison
equivalant to 0,322 milligrams pe; milliliter, Although the toxicity
of -dlazotized poison was found by mouse tast to be less than one per-
- cent of the original poison," the antigen solution was sufficiantly
toxic to cause problems on 1njec:ion into fabb;ta. Boﬁh of the
rabbits 1n the {ntravenous seriea and one in the intraperitonaal
series were killed during course ofxinjectipns.f For the.lone sur-
vivor,vtﬁ“waslpossible té administer only a total of 2.5'miili1ice;s )
" of che antigen ptepa:ation. | | | e
One week after final injeccion the surviving rabbi: was bled and

che serum collectad. Using doubling dilucione of antigen from 1: 2

" to 1 1024 againat a 1:5 diIution of- seruny no precipitiﬂ rllctiou wii

observed. Similnr Jttrations were attempted using unmodified ov:i-
" bumin and paralytic ahellfisﬁ poisou singly, uﬁd likewise fo praeip- T

ittn reactionl wae’ notad.

The lack of 8 demonatrable antibody titet may be accounted for _}“- v

in part by. the following meehanilms- (n) tha total protein aﬁtigan

- :_:‘ —f>¥ﬂ1njectad was not sufficiént to eiicit high lntibody titeru. (b) if

free toxin were presant 1n sigqificant amounts in the mnterial in--
jected an in vivo binding of antibody mightloccur, (e) in vitro

~ binding of antibody to free toxin might have occurred, thus prtventing "

2
y

: aﬂpracipitin reaction betweenutoxlu-protein'antigcn and anti-toxin

prot=in (haptens-inhibition). In view of the lack of reaction when

ovalbumin was titrated against the intiserumb (&) above appears to

- be most probable explanation.,

.
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III, Projected Ressarch for Second Quarter, FY 1961

The two problems of immediate concern in conneciio; with the chem-
ical aapects-of.this préje;; are (a) :he Jebetopment 6f a quantitative
brocedute for measuring the éxCeht éf diazotizutian oF?n ‘glygiﬂ ghall-

‘fish poison and :he degree of coupling of’ :he resctton praduct with
“proteins or o:her agents and (b) the development of, tachniquas for de—~
creaaing the’ cOxicity of paralytic shellfish poison-protein prepara-
tion. without serious alteracioa of its antigenic ptoperties.

“ wi11 be undertakan on the immunogenic ptcpetties of th& pifllytlb

) shellfiah poiaon antigen, along with appraprilta contfci itﬁdiGi to _ “

»avamuee Eha mtigahie prupqttiei ot‘ the naeive proéaiﬂ, ﬂmca

'iv;u'Suﬁﬁiff |

I addition to completing oriantatioh studieu with ﬁdﬁ-h&ﬁic iiﬂ-
| e ildits £of paraiytib sheiifish poiuon dnd 4 knd@ﬂ hlptéﬁie thhsﬂ TR
R e on'Hapainine, preilmihai-y evideﬁceﬁa abtninad whluh iuggaau tha -
“  Fortation of A at&biia dlazo-darivltiva of tha pdiidn. hids cumpaund ﬁai
givan An opportunity to combine with ov‘lbumiﬁ “dind thé cottp Lax was
used as the first experimental antigen. Fallure of this pteplratioﬂ to
elicit antibodies in rabbits was pmpbably due to the fact that its
‘tomicity preve1ce3 injeytion of aufficient antigin to develop -} datééizgié i
titer.- Plans are outlined for furthnr chemical and 1mmunologica1 ntudicc

designed to overcome this difficulty.

7=




V. Raferences

1. DMcFarren, E£.F., Schafer, M.L., Campbell, J.E,, Lewis, K.H., Jensen,
) E.T., and Schantz, E.J. Public Health Significancé of Paralytic
Shellfish Polson: A Review of Literatura and Unpubliahed Research.
Proc. Nat'l Shellfiaheties Assoc, 47:114~ 141 1956,

2, Schantz, E.J,, Mold J.D,, Stanger, D.W,, shavel J., Riei 7. A
Bowden, J.P., Lynch J.H,, Wyler, R.S,, Riagel Bay and Sommer,
H. Paralytic Shellfish Poison, VI. A procedurs for the iso-
lation and purification of the poison from toxic ¢lams and
mugsel tiusu&. “Jo Am, Chemu~6001 79:5230.‘ 1957, '

3. Schan:z, P MuF&ffén, EJ¥., Schafer, M.L,, and Léwis, KMH. Pur-
ified Shalifish Polson for Bloassay Standardization.- J Asaoc.
0££ic Agr, Chemista. 41:160, 1958, .

4, McFarren, E.F,, Schantz, E J., Campbell, J, E., and Lewis, K H. )
‘ " Chemical Determima tion of Paralytic Shellfish Poison in clama

© J. Assoc, Oftie, Agr. Chamiets. 41: 168. 1958. .
. g 1
5. ,.:MEdCUf J Cv’ Lﬂiﬂ A ﬂ:; “eadlar A Bd Néédlﬁr; .W ﬂ;_’ G‘.ffafd,
Je did Nsubert 4 Paraiytic Shellfish Poleoning on- the
tanedian Atlantic Coast. Flahatiss asearch Hosrd of canada.
Bulletiﬁ No .- Lxxv, OttawAa 1947, C e

¥ Moia, 1 iy Bad&an, J P., Staﬁg!t, D‘w., Hduter, J NP Lyneh M

.- Wylér, "RiB.; Schatitz; E,J., and Risgsl, B, Paruiytic Shallfinh

I Poison V11, Kvidenca for the ‘plrikty of the polson 1solated £#om
tuxic clams and mueyéls._ J, Am, Lhem, Sun. 7191 5235, 1957,

7'75': th&ﬁti} E Jé’ “Old J bi, Howdtd, N Lu, ﬁuwdén JOPI’ Bﬁaﬂg!l‘, u"n,
. Lunehy J.P.,*WIhEaratéinér, 0.9, butehar, J.D., Walters, DR, -
" and Risgel, B, Paralytie Shellfish PoLaoh, Vitl, Bome chemical

and phynic!l propertiés of purified clam and munsel puiaunn.
- d A, cham. ot (id pras!)

TR e

”'3}, Curtius, T., Vuber das Blycoaull, Berlbht& _Q 75& 1383.

9. Brown, R.D., buffin H. c., Maynard, J. C., thd 1.4, The Mechaniem
© of the Coupling of Disdgonium salts with Héterocycllc 00mpoﬂndl.
Part 1, Glyoxaline. J Cham, Sve, 3937 1933,




